Abstract: Sap flow rate was measured in the crown of a solitary specimen of downy oak (Quercus pubescens) infested by mistletoe (Loranthus europaeus). Five oak branches and two mistletoe plants were selected for analysis. The seasonal sum of transpired water expressed per leaf area unit was five times higher in the mistletoe than in the oak. In addition, the diurnal curves of sap flow were different between the plants. In the morning, the sap flow measured in the mistletoe lagged one hour behind the sap flow measured in an oak branch unencumbered by mistletoe. In contrast, no time lag was observed in the evening. The proportion of water transpired at night relative to the total transpiration was 7% in both species. The stomatal conductances derived from the inverted Penman-Monteith equation and their dependence on global radiation and the vapour pressure deficit (D) revealed that D exerts a different behaviour in stomatal control of transpiration in the mistletoe. We also determined that the concentration of calcium in the leaf mass could serve as a proxy for transpiration rate, however the relationship was not proportional.
Introduction
The Loranthaceae are a group of hemiparasitic plants that usually tap the xylem and sometimes even the phloem of a host plant to acquire water and mineral nutrients (Bowie 2004) . The haustorium of Loranthus europaues consists of a single cone-shaped sinker. New layers of mistletoe tissue are laid down radially and synchronously with ring growth in the oak. There are very few phloem elements in the haustorium, and they terminate well before the host-mistletoe interface (Buchleitner 1982) . Therefore Loranthus is rather a photosynthetic mistletoe (Těšitel et al. 2010) and is only water and nutrient parasite (Eliáš 1987) .
Mistletoe cannot be considered as only another branch of a tree. It has specific reactions to external factors that are different from those of the host plant. Only a few studies have investigated the relationship between the hemiparasite Loranthus europaeus and Quercus sp. Schulze et al. (1984) found rates of assimilation that were similar in the host and its parasite, whereas the rates of transpiration and leaf conductance in Loranthus were approximately three times greater than in Quercus. During the day, Loranthus also operated at a lower water potential and higher internal mesophyll CO 2 concentration than the oak, reflecting greater water-use efficiency in Quercus than in Loranthus. A higher transpiration rate in mistletoe than in the host plant was found in many previous studies (Ullmann et al. 1985; Escher et al. 2004; Glatzel & Geils 2009) , although the opposite has also been found (Fischer 1983; Küppers et al. 1992) . To maintain high rates of photosynthesis, the mistletoe continues to extract water and minerals from the host even during drought and can therefore cause severe stress to the host (Garkoti et al. 2002) . It has been proposed that Loranthus has relatively little stomatal control over water loss (Vareschi & Pannier 1953; Hellmuth 1971) . However, several studies have provided evidence for stomatal control over transpiration in mistletoe, but its reaction to an increasing vapour pressure deficit (D) is less pronounced (Glatzel 1983; Schulze et al. 1984; Ullmann et al. 1985; Strong & Bannister 2002) . The minimum water potential in the parasite is approximately 1.0-1.5 MPa below that of the host plant (Schulze et al. 1984) . This behaviour effectively supplies the mistletoe with water and nutrients; however, it also jeopardises the life of the host plant. As, given the climatic change, oak is more susceptible to infestation (Kumbasli et al. 2011 ) and as Loranthus is spreading northwards and to higher al-titudes (Kubíček et al. 2008) , more oaks are threatened.
The transpiration rate is coupled with the uptake of ions. Calcium (Ca) is a nutrient that is only transported acropetally in xylem vessels. Its immobility in the phloem has been well documented (Marschner 1974; Fink 1991) . This transportation pattern means that larger quantities of calcium accumulate in trees with higher transpiration rates. Because mistletoe has direct connections to the xylem sap of its host, we expected that a higher transpiration rate in mistletoe would result in a higher Ca concentration in mistletoe leaves. Therefore, we measured leaf calcium content in this study.
The few studies performed on the transpiration and stomatal conductance of mistletoe and its host plant were mostly based on diurnal observations (Glatzel 1983; Ullmann et al. 1985) . There has been no comprehensive study comparing the seasonal courses of transpiration and stomatal conductance during an entire growing season as well as at night. Therefore, the aim of this study was to describe and compare the water use of the deciduous mistletoe (Loranthus europaeus) and its host plant, downy oak (Quercus pubescens), during the growing season. The second aim was to describe the stomatal conductance responses of these two plants to environmental variables. The third aim was to determine whether the concentration of calcium in the leaf mass could serve as a proxy for transpiration rate.
Material and methods
Our study site was the "Pouzdrany steppe" near Brno, Czech Republic (48
• 56 52.46 N and 16
• 38 41.28 E; 278-295 m a.s.l.). This site was heavily infested with mistletoe (Loranthus europaeus) growing on several species of oak, Quercus petrea, Q. pubescens, and Q. robur. The mean annual temperature at the site was 9.5
• C, and the annual precipitation was between 450 and 500 mm (Quitt 1971) . The trees were growing solitarily (in average 15-20 trees per ha) with an average height of 6 m. The average crown projected area was 23.7 m 2 , and the average diameter at breast height was 22.4 cm. There were frequently more than 4 mistletoe plants per oak tree. There were 18 mistletoe parasites growing on the most infested tree. The oldest living hemiparasite was 24 years old (the age was estimated with respect to the regular branching patterns). The soil was loessy, and the sediment depth was several metres (Vandenberghe & Czudek 2008) . A steep slope of 15
• was oriented to the south.
We chose one solitary specimen of downy oak (Quercus pubescens) for detailed study. This tree was approximately 45 years old. The diameter at breast height was 30.9 cm, and its height was 7 m. The mistletoe plants were predominantly attached to the topmost branches of the crown. There were a total of 8 plants on the measured tree.
Field methods
Meteorology and soil Meteorological variables were measured approximately 20 m from the measured tree. The global radiation, air temperature at a height of 2 m and air humidity were measured by a Minikin TRH (EMS Inc., Brno, Czech Republic) at 1-minute intervals. Fifteen-minute means were downloaded to the datalogger, and these data were used to calculate the potential evapotranspiration (PET) as previously described (Penman 1948) . Soil water potential was monitored by two gypsum block sensors (GB2, Delmhorst Inc., USA). The sensors were attached to the datalogger (Microlog SP, EMS Inc., Brno, Czech Republic) and buried at a distance of three metres from the tree at depths of 15 cm. Data were collected every hour.
Sap flow
Five oak branches and two male mistletoe plants were selected for sap flow measurements using the heat field deformation (HFD) method (Nadezhdina et al. 1998; Čermák et al. 2004; Steppe et al. 2010) , which accounts for the size and overall distribution of the branches in the crown. Given the small size of the oak and mistletoe branches, the sap flow rate was only measured at one depth, 2-3 mm below the cambium, by single-point HFD sensors (Dendronet, Inc. Brno, Czech Republic). The sap flow sensors were installed on 5 oak branches and the bases of 2 mistletoe plants (Fig. 1) . The biometric parameters of the branches are presented in Table 1 . After installation, the sensor needles were thermally insulated with foam and covered by a radiation shield (0.5 mm-thick aluminium foil), the upper borders of which were sealed with silicone to protect against rain. The voltage outputs of the sensors were registered by the datalogger (Midi12, EMS Inc., Brno, Czech Republic) at 1-minute intervals, and fifteen-minute averages were stored in the memory. Sap flow was measured for 201 days from 15 April 2009 (i.e., the beginning of leaf flush) to 3 November 2009. Some gaps in the measurements occurred when the batteries (used for the heating system) had run out of energy. Therefore, sap flow data were acquired for only 122 full days (Fig. 3b) .
Projected leaf area and branch diameter To calculate the projected leaf area of foliage attached to the measured branch, the number of leaves was counted at the beginning of September. Then, 20 oak and 40 mistletoe leaves were collected from branches close to the measured branch. These leaves were put into an FAA (Formalin-acetic acid-alcohol) solution to avoid shrinking of the leaf area. The leaves were scanned, and the average leaf surface area was estimated by ImageTool 3.00 software (University of Texas Health Science Center, San Antonio, TX, USA). To obtain the total foliage area of each of the measured branches, the average leaf surface area was multiplied by the corresponding number of leaves. Diameter of the branch was measured by the calliper at the time of the installation of the sap flow sensors. At the same time was also measured the thickness of the bark. Xylem crossectional area of the branch was calculated from the branch diameter without bark. Given the small diameter and low age of the branches there was only sapwood at the position of the sensors. Therefore we assumed the entire crossectional area was conductive.
Data analysis
Sap flow calculation To allow for comparisons, the sap flow data were standardized per unit of leaf area [(kg m
On this solitary tree, we assumed that each unit of leaf area contributed equally to transpiration. Mean sap flow rates (and corresponding standard deviations) were calculated from the five oak and two mistletoe branches and used for all further analyses, which were conducted using the fifteenminute resolution dataset. For a larger time scale (i.e., days), sap flow was considered to be equal to transpiration. We used the Sap Flow Tool software (ICT International Pty Ltd, Armidale, Australia) to evaluate our data.
To assess foliage development at the beginning of the season, a "leaf development factor" (L df , analogous to the FAO (Food and Agriculture Organization of the United Nations) "crop coefficient" - Allen et al. (1998) , applicable also to trees (Guidi et al. 2008; Kang et al. 2003) ) was calculated (equations 1 and 2). The respective sums of the oak and mistletoe daily transpiration rates [mm day
−1 ] were divided by the modeled transpiration rates (of fully developed leaf area) calculated by equation 3.
The Chapman-Richards equation (Zeide 1993) was fit using the daily data obtained from equation 1:
where a, b, and c are parameters, and D lf is the number of days from leaf flush. The parameters of the equation (a, b, c) were optimised by the least square equation using the SigmaPlot statistical software (Systat Software Inc.).
To compare the seasonal water use of the oak and mistletoe, we filled gaps in the dataset with the daily transpiration sums modelled using the Penman-Monteith equation (equation 3) multiplied by the "L df " obtained from equation 2.
Derivation of canopy conductance An analysis of canopy conductance was performed using the Penman-Monteith equation (Monteith 1965 ) under a simplification that assumes stand transpiration is equal to the sap flow. The calculations were performed with respect to the development of foliage during the period from 1 July until 30 September 2009 (i.e. for the period of fully developed foliage). The general form of the Penman-Monteith equation (Allen et al. 1998 ) is:
and the aerodynamic conductance is calculated as:
where λ -water heat capacity [J kg The variables listed above were directly measured or calculated (except for wind speed, for which we used a fixed value of 1 m s −1 (that is, according to our long term measurements at nearby weather station from previous years, the mean wind speed over the vegetation season) and soil heat flux, which was neglected). Zero plane displacement was set at 5 m (0.7 tree height) and canopy roughness was 0.7 meter (0.1 tree height) as proposed in Grace (1983) . Net radiation was calculated from the global radiation as proposed by Allen et al. (1998) . The only unknown variable was canopy conductance gc, which was calculated using the inverse form of equation (3):
Because the sap flow was already expressed per unit leaf area of fully developed leaves, we readily calculated the stomatal conductance, gs, which was equal to the canopy conductance, gc.
The analysis of canopy conductance was based on a version of the Lohammar equation (Halldin 1989; Lohammar et al. 1980 ). This equation is commonly expressed as:
where gc -canopy conductance [m s
, a -parameter and R0 -parameter The parameters of this equation were optimised by minimising the residual sum of squares on the basis of available data using a method proposed by Cienciala et al. (1997) . The derivation was based on running discrete calculations for the dependences of gc on Rg and D. The dependence on the global radiation was expressed as gc =
, and the dependence on D was expressed as
. The equation describing the dependence on global radiation was used for both species. The equation for dependence on D was used only for oak. In the Loranthus, however, it was not possible to describe the stomatal behaviour in relation to D by the inverse function because of the peak-like distribution of the data. The four-parameter Weibull equation (Cohen 1969) embedded in the SigmaPlot software was used instead. Calculations were performed by non-linear multiregression analysis in the SigmaPlot statistical software. Because we had measured sap flow rather than transpiration, we had to incorporate the time lag (as a result of internal plant capacitances) between the changes in environmental variables and their effects on sap flow. The time lags between Rg, D and branch sap flow were estimated by performing time cross-correlation analyses. This procedure was conducted individually for each plant species and separately for Rg and D. The respective environmental variable was shifted in time against sap flow in fifteen-minute steps until the best correlation was achieved. Only the lagged environmental data were used for the parameterisation of the Lohammar equation.
The calculated stomatal conductances were used in the Penman-Monteith equation (3) to model the sap flow of the mistletoe and oak. Environmental variables such as Rg and D were shifted against time as described above. This process allowed us to directly model sap flow. The values derived from this model were valid only for the period when the foliage was fully developed. To model the spring sap flow, the modelled values were multiplied by the L df . All of these operations were performed using the 15-minute-resolution dataset.
Night sap flow calculation The amount of night sap flow was calculated in the following manner. First, nighttime was defined as the period when the global radiation input (Rg) dropped below 1 W m −2 . The amount of the sap that passed through the sensors was the night sap flow. Its ratio to the total transpiration was calculated. However, for analysing the effects of D on the nighttime transpiration, we excluded the data from the first two hours of each night because we assumed that a large portion of the water was used to refill the plant tissues during this time.
Leaf calcium content For calcium analysis, 20 g of leaf dry mass of the mistletoe and oak were sampled from the same tree at the beginning of September from branches growing close to the measured sites. Samples were oven dried at 80
• C to a constant weight and sent to an accredited laboratory for analysis (EKOLA, Bruzovice, Czech Republic). The results were expressed in g of calcium per kg of dry leaf mass. We used the known leaf mass per unit area to express the calcium content per leaf area.
Results

Soil water content
The soil water content, which had been replenished during the winter, was depleted to the wilting point (i.e., −1.5 MPa) by the end of the May. After that time, there was a consistently low water potential (i.e., below −1.5 MPa) during most of the summer season. This drought was interrupted only by light showers on May 30 th and on June 20 th . In both cases, the soil water potential returned to the wilting point within approximately ten days.
Sap flow
Sap flow progressively increased until the end of May, reflecting the development of the foliage. Consequently, L df also increased (Fig. 2) . The L df of the mistletoe was somewhat smaller in the first days of the season, reflecting the slower bud break of Loranthus compared to Quercus in steppe conditions. However, both species soon reached stable L df values, by the middle of the May for the Loranthus and approximately a fortnight later for the Quercus. The seasonal total of the transpired water expressed per unit of leaf area was 237 ± 84 kg m −2 in the oak and 1213 ± 185 kg m −2 in the mistletoe (see Table 1 for transpiration rates of measured branches). The maximal measured amounts of water transpired in one day were 2.3 and 12.9 kg m −2 for the oak and mistletoe, respectively (Fig. 3a) . The maximal measured amounts of water transpired in one hour were 0.2 and 1.3 kg m −2 for the oak and mistletoe, respectively. Thus, during the growing season, the mistletoe transpired five times more water (per unit of leaf area) than its host plant. This difference was statistically significant (p = 0.0004). In contrast, our analysis of the sap flow rates in the xylem showed no statistically significant differences between the oak and the mistletoe (p = 0.28 when sap flow rate was expressed per unit of branch circumference, and p = 0.11 when it was expressed per unit of xylem cross-sectional area).
In addition to the differences in the absolute amount of water transpired by the oak and mistletoe, the two plants also exhibited differences in the shapes of their diurnal sap flow curves. Generally, the mistletoe sap flow lagged approximately one hour behind the oak sap flow. This time lag tended to be somewhat longer after the nights when D approached zero. In contrast, after the nights characterised by a high evaporative demand, the sap flow of the mistletoe started at the same time as that of the oak, though only very weakly (Figs 4a, b) . In the evening, however, there was practically no lag. Thus, the mistletoe not only transpired more water per leaf area, but the water was transpired within a shorter time period. In addition, the sap flow of the mistletoe peaked later than the sap flow of the oak. The steep increase in the oak sap flow ceased at approximately 10 am and was followed by only a steady state or a slight decrease in transpiration, whereas the sap flow of the parasite peaked at noon, reflecting a more regular diurnal pattern.
The sap flow of both species lagged behind the environmental variables. The lag behind R g estimated by the cross-correlation analysis was 15 minutes in the oak and 1 hour in the mistletoe. The lag behind D was 15 minutes in both species.
The sap flow modelled from the Penman-Monteith was calculated for the mistletoe, compared to 0.01 m s −1 for the oak. Similarly, the average seasonal conductance of the mistletoe (0.0133 m s −1 ) was six times higher than that of the oak (0.0022 m s −1 ). The oak stomatal conductance was more strongly regulated by high D values (Fig. 6 ) than the mistletoe stomatal conductance. The behaviour of oak stomata revealed a strong dependence on D, even when D was relatively low, but mistletoe stomata remained open at higher values of D (Figs 4, 6) .
Night sap flow
A considerable amount of sap travelled through the branches during the night (i.e., when solar radiation fell below 1 W m −2 ). In both species, night flow accounted for 7.7% of the total sap flow. In absolute numbers, however, the amount of transpired water was five times higher in the mistletoe than in the oak. The night sap flow of the oak showed a linear correlation with D, without any limitations upon its high values. The sap flow of the mistletoe, in contrast, suggested a plateau response upon high D values (i.e., D > 600 Pa; Fig. 7) . Responses of the stomatal conductance to changes in D were different than in the day (Fig. 8) . Here, the two species behaved in a similar manner. In addition, the accuracy of the model was lower and explained only 45 and 49% of the variability in oak and mistletoe, respec- tively, suggesting that other factors also influenced the nighttime sap flow.
Leaf calcium content
The calcium content per dry leaf mass was 29.1 for Loranthus and 16.1 g kg −1 for Quercus. Similarly, the calcium content expressed per leaf area was higher in the Loranthus leaves (3.04 g m −2 ) than in the Quercus leaves (1.79 g m −2 ). When related to the amount of the transpired water it was 7.55 mg kg −1 in the Quercus and 2.51 mg kg −1 in the Loranthus leaves. It follows that calcium accumulation was not proportional to transpiration rate.
Discussion
Sap flow and stomatal conductance Green mistletoes are typically reported to display more transpiration than their host plants. Ullmann et al. (1985) surveyed a broad range of Australian mistletoes and reported typical mistletoe : host transpiration ratios between 1.5 and 7.9. The typical transpiration of Loranthus has been reported to be approximately three to four times higher than that of its host plant (Glatzel 1983; Schulze et al. 1984) . Thus, the ratio calculated in our study is slightly higher than the transpiration ratios estimated by previous gas exchange investigations of the same species (Fig. 3) . In addition, the absolute transpiration values measured herein were higher than those reported in the literature. For example, maximal transpiration rates (measured by gas exchange) of 0.085-0.12 kg m −2 h −1 for oak and 0.22-0.25 kg m −2 h −1 for mistletoe have been reported (Glatzel 1983; Schulze et al. 1984) , whereas the transpiration rates in our study were as high as 0.2 and 1.3 kg m −2 h −1 (Fig. 4b) . The higher peak sap flow rates measured in our study can be explained by three factors. First, whereas our sap flow measurements were conducted on cloudless days, measurements in the previous studies were influenced by clouds (i.e. Fig. 5 in Glatzel 1983) . The second reason for the higher transpiration rate found in our study is the social position of the tree and the consequent irradiance and aerodynamical conductance of the crown. Whereas previous studies used canopy trees as subjects (Glatzel 1983; Schulze et al. 1984) , the tree measured in our study was the solitary inhabitant of a steep, southoriented slope. Thirdly, previous studies described extremely severe infections of the focal trees, hosting more than one hundred mistletoe plants (ten times more than the focal tree of our study) that competed for water resources within the tree. Therefore, the hydraulic structure of the host plant may have been the limiting factor for the transpiration. In addition, our results could be slightly overestimated because we used estimated sap flow from the outermost xylem, which usually has the highest flow rate, especially in oak. We did not measure the radial flow distribution in our small branches. The potential evapotranspiration modelled according to Penman (1948) reached a total of 843 mm over the investigated time period. The measured transpiration values (with gaps filled with the modeled data) of the oak and mistletoe foliage reached 237 and 1213 mm, respectively (Fig. 3) . Therefore, the transpiration rates can be realistic, especially in the case of this solitary tree with a large proportion of sunlit leaves and low number of Loranthus plants.
The sap flow rates per xylem area of oak and mistletoe differed by an average by 45 % in our study, but this difference was not statistically significant. The difference reflected the different leaf areas supported by each unit of sapwood area (Huber value). If this value can be considered a measure of a plant's adaptation to water stress (Martínez-Vilalta et al. 2009 ), then mistletoe, having a 3.6 times smaller leaf : xylem area (Table 1) , was much better adapted. In contrast, the similarity of the sap flow rates in the xylem of the two species do not support the findings of Ziegler et al. (2009) , who detected consider-ably larger sap flow rates in the xylem of mistletoe.
The diurnal curves of transpiration ( Fig. 4b ) and stomatal conductance (Fig. 4c) resembled the curves reported by Schulze et al. (1984) and Glatzel (1983) , which were measured during the daytime with moderate soil water depletion. Similar to these studies, water flow began sooner in the oak branch than in the mistletoe (Fig. 4b) . This may be partially ascribed to the higher osmotic potential of the mistletoe foliage (Sala et al. 2001) and to the higher water capacitance of the "succulent-like" Loranthus leaves (Glatzel 1983 ). In the second hypothesis (transpiration from the succulentlike leaves without the propagation of pressure to the xylem), rehydration of the leaf tissues would have to occur at the expense of evening transpiration (i.e. lower vaporization from the leaves) because there was no discrepancy between the oak and mistletoe in the relative shape of the diurnal curves of the evening sap flow (Fig. 4b) . The measured stomatal conductance of the mistletoe started to increase steeply in the late morning, just after the abrupt decrease in the stomatal conductance of the oak leaves (Fig. 4c) , similar to the Glatzel (1983) freezing experiment.
Previous studies reported oscillations in the transpiration of the host plant as a result of the imbalance caused by the opening of the Loranthus stomata (Glatzel & Geils 2009 ). Our 15-minute resolution data were not detailed enough for comprehensive analysis of the sap flow oscillations (Fig. 4b) .
The ratios between the modelled and measured transpiration rates for both mistletoe and oak were consistent on cloudless days throughout the entire season. The measured transpirations were between 93 and 108% of the model. The model did not consider soil moisture because we found out that this parameter, measured at a depth of only 15 cm, had a negligible influence on tree transpiration. Altering soil moisture in various depths also may have had effect on the development of transpiration, alongside with the development of leaves, as expressed at Fig. 2 . However, nothing is known about soil water availability in the deep soil horizons or about the root distribution of the tree in different soil layers. A partial excavation of the root system revealed coarse roots at depths of more than 70 cm. Although we were not able to follow the roots to their tips, a geological survey (Vandenberghe & Czudek 2008) , reported that the soil was several meters deep. Provided that the oak roots alter their distribution according to water availability (Tatarinov et al. 2008) , the roots may extract water from considerable depths. In a Russian forest-steppe region, oak roots were reported to reach the underground water table at depths of up to 10 m (Romanovsky & Mamaev 2002) . Paco et al. (2009) described high transpiration of the oak in the steppe conditions even during the dry period. Similarly, Nadezhdina et al. (2007) described the hydraulic redistribution of Q. suber roots from the surface soil to deeper layers (depths of up to 5 m), reflecting a dependence on water availability.
Daytime and nighttime stomatal conductance and sap flow Stomatal conductance models relate the stomatal aperture to global radiation and vapour pressure deficit. Whereas R g opens the stomata, D encourages the stomata to close. The exact mechanism underlying stomatal reactions to D has not yet been identified (Buckley 2005) . Nevertheless, a strong correlation between g s and D led to the assumption of a functional relationship (Grantz 1990; Aphalo & Jarvis 1991; Addington et al. 2004 ). However, other hypotheses, such as direct reactions to sap flow rate (Mott & Parkhust 1991; Monteith 1995) or hydro-active local feedback (Buckley 2005) , have also been proposed. In our study, we noticed a very unusual dependence of stomatal aperture on D in the mistletoe. The transpiration rate and calculated stomatal conductance were small when D was low. The highest stomatal conductance was identified between 1000 and 2000 Pa. It follows that the plant, which is a part of the plant-parasite complex, may react in a different manner than is expected from the intact plant.
The mechanism of stomatal opening in the morning as a result of R g has been more thoroughly examined. Stomatal opening responses are achieved by the coordination of guard cells' light signaling, light-energy conversion, membrane ion transport, and metabolic activity (Shimazaki et al. 2007 ). Therefore, some authors have assumed that stomatal movements can happen only under daytime conditions. In contrast, the strong evidence of night sap flow reactions to D suggests either incomplete stomatal closure or even stomatal movements at night (Kavanagh et al. 2007; Ward et al. 2008) . Caird et al. (2007) summarized a large body of evidence suggesting that g s changes during the night in response to various driving factors, including D. Night sap flow, which accounted for 7.7% of the total flow in both studied species, fell within the typical range of 5-30% (Caird et al. 2007 ). In our study, we found that night sap flow depended on D (Fig. 6) , suggesting that the water flowing in the xylem was not used only to refill the storage capacity but was also evaporated from the leaves. Our data revealed the different sensitivities of stomata to D during the night and day, similar to the data reported by Oren et al. (2001) from a Taxodium distichum forest stand.
Sap flow and calcium content
Although the concentration of Ca in Loranthus leaves was two times higher than that of Quercus, this difference was much less substantial than the five-fold higher transpiration rate. Some studies have even identified lower concentration of Ca in the mistletoe leaves than in the leaves of host plant (Türe et al. 2010 ). This proportionally lower increase in calcium could be due to calcium leaching from Loranthus foliage just as inorganic and organic metabolites may be leached from the foliage of many plants by rain, dew and mist (Mecklenburg & Tukey 1963; Potter et al. 1991; Igawa et al. 2002) .
